Rape is the main oilseed crop grown in many countries around the world. The seeds are used in the food industry for extraction of oil, as livestock feed or for production of biofuels. The high yield production requires the application of herbicides. The most commonly used herbicide in the cultivation of rape is Butisan S with active substance metazachlor. Often in adverse weather conditions the active substance enters the rape plants, causing a number of disturbances in the physiology-biochemical processes, but also represents a real risk of contamination of the yield. In the present study residues of metazachlor were identifi ed in samples of rape variety Xenon after soil application of the herbicide Butisan S at dose of 200 ml/da. The highest concentration (14,6 μg/g FW) was recorded in leaves 28 days after treatment with the herbicide. The concentration of metazachlor in rape plants decreased in time, with values of 4,4 μg/g FW at 48 days after treatment and 1,23 μg/g FW at 68 days. In foliar application of the herbicide the detected residues of metazachlor in leaves were lower with 4,24 μg/g FW on day 8 and 0,95 μg/g FW 20 days after treatment. The highest yield was recorded in the variant with soil application (200 ml/da) of the herbicide (yield 2683 kg/ha) as compared to the control (without herbicide application) (yield 1683 kg/ha).
INTRODUCTION
Among the problems that accompany the implementation of agricultural production, it is essential to fi ght weeds that spread everywhere and annually cause enormous damage to agriculture. Rape is the main oilseed crop in more than 32 countries worldwide, including Bulgaria. It has been found that it is highly sensitive to weed infestation at the initial stage of their development -from germination to the formation of 4 -5 leaves (Bernotas and Kalvaitine, 1997 ). An important part of plant protection science and practice is the cultivation of clean and safe production plant.
For food and human health safety the Agency for Food and Drug Administration establishes maximum permitted levels for the content of metazachlor in rapeseed -0,02 mg/kg, and for oil 0,04 mg/kg (amend. and suppl. -SG. 29, 2008) .
The widely used herbicide Butisan S, containing the active substance metazachlor 500 g/L has a quarantine period of 70 days. It is a selective systemic, soil and foliar herbicide, which is taken up by the plant through the roots and the leaves. The active substance is taken up by germinating weeds, leading to their destruction mostly before (pre-)or post-emergence. According to Bernotas and Kalvaitine (1997) the use of Butisan S at a dose of 250 ml/da results in the control of weed infestation to 82%, a better growth and a higher yield at the end of the vegetation period in comparison with an untreated control.
Metazachlor belongs to the lipid biosynthesis inhibitors and is classifi ed to the group of chloracetamide. Compounds of this group are active in plants at very low concentrations (Gotz and Boger, 2004) , which is a real risk of possible contamination. Its specifi c action is due to inhibition of the extension of very long chain fatty acids (VLCFAs) (Matthes et al., 1998) . The main part of these types of fatty acids is localized in the plasma membranes and their absence leads to the disruption of the cell integrity and death of the plants treated with the herbicide (Matthes and Boger, 2002) . Metazachlor irreversibly inhibits fatty acid biosynthesis by inhibiting the extension of palmitic acid and desaturation of oleic acid. This strongly affects the synthesis of fatty acids with a long chain (more than 18 C atoms), which Koleva-Valkova, et al.: Metazachlor residues in winter oilseed rape are an important component of cell membranes and the epicuticular waxes coating the leaves (Weisshaar et al., 1988; Mailah et al., 2005; Cobb and Reade, 2010) . A consequence of this action is the disturbance of cell division and differentiation (Kucharski and Sadowski, 2014) .
The active substance is characterized by an extremely high photostability and a considerable stability in the soil and has an inhibitory effect for eight weeks after application (Cobb and Reade, 2010; Kucharski and Sadowski, 2011) . The highest effi ciency is achieved with good soil moisture and conditions for intensive sprouting, germination and growth of weeds. The high humus content decreases soil herbicidal activity of metazachlor. Fine grain soil structure and normally compacted soil will increase the effi ciency of the substance. The even and properly sowing of rape of 1,5-2 cm depth is important to avoid potential interference with the crop. Due to the considerable stability of the active substance in soil (half-life -26-114 days depending on environmental factors (Directive 91/414/EEC)), a real danger of its accumulation in the soil exists. Heavy rainfall after soil application of the herbicide increases the possibility of uptake of the active substance from the young rape plants, which on one hand can inhibit their development and on the other hand can accumulate in crop and worsen subsequently the quality of the yield. In such cases washout may occur and the active substance may leak into groundwater causing signifi cant pollution. It is therefore important to monitor soil, water and plant production for the presence of pesticide residues.
The aim of this study was to investigate the presence of residues of metazachlor in plants of winter oilseed rape, hybrid Xenon, grown under fi eld conditions in two types of application of the herbicide -soil and leaf, and to be compared with weed infestation and yield.
MATERIAL AND METHODS

Plant material and experimental design
During the period 2011-2013 a field experiment was conducted on alluvial soil with winter oilseed rape, hybrid Xenon. Sowing was done in September. All agricultural activities in culture were carried out under the conventional technology for growing winter oilseed rape (tillage, fertilizing, sowing in September, rolling). The herbicide Butisan S (active substance 500 g/L metazachlor), soil and foliar application at a concentration of 200 ml/da were sprayed with a knapsack sprayer and working solution 30-40 L/da. The experiment was made using the block method, with an area of 21 m 2 of the experimental parcels in 4 replications. The effi cacy of the herbicide was registered in sample areas (2 for each repetition) on the 20th day after spraying by using the quantitative method -count weed per 1m 2 and was calculated as follows equation (Hasanuzzaman et al., 2008) :
Where:
W CE -weed control effi ciency W UP -number of weed in the untreated plots W TP -number of weed in the treated plots
The experiment was conducted in the following variants: variant 1 -control (no treatment and no hoeing), variant 2 -Butisan S -200 ml/da, soil application after sowing, before emergence of the culture; variant 3 -Butisan S -200 ml/da, foliar application in phase 2-4 leaf of the weeds. Samples for analysis of the contents of metazachlor were taken at different intervals of time depending on the pattern of application of the herbicide. The fi rst measurement was done 28 days after soil application of the herbicide. The analyzed variants were variant 1 control and variant 2 28 -phase of the rape on the scale BBCH -B4/14. The second measurement was done 48 days after soil application and 8 days after foliar application of the herbicide. The analyzed variants were variant 1 control , variant 2 48 and variant 3 8 -phase of the development of rape on the scale BBCH -Bn/n1. The third measurement was done 68 days after soil application and 28 days after leaf spraying. The analyzed variants were variant 1 control , variant 2 68 ; variant 3 28 -phase of the development of rape on the scale BBCH -C1/31. The fourth measurement was done 88 days after soil application and 48 days after leaf application of the herbicide. The analyzed variants were variant 1 control , variant 2 88 ; variant 3 48 -phase of development of rape on the scale BBCH -D/50.
Reagents and apparatus
All solvents used were with gradient purity for HPLC -methanol and acetonitrile from JTBaker ® , Prolabo and distilled water from HyPerSolv ® Chromanorm. As a standard was used pure substance metazachlor (98,5% Dr Ehrenstorfer GmbH). Metazachlor residues in plant samples were analyzed by RP-HPLC with a liquid chromatograph -Adept "Cecil" with UV-VIS detector Adept CE 4200, gradient Dual Piston Pump CE 4102 and Power Stream Software, United Kingdom. Analytical column "Supelcosil" LC -18 (dimensions 150x4,6 mm, 5 μm) was used. For the sample preparation ultrasonic bath Bandelin Sonorex (Germany) and for solid phase extraction cartridges of Merck LiChrolut® RP-18 were used. The Koleva-Valkova, et al.: Metazachlor residues in winter oilseed rape combined extracts were filtered through hydrophilic cellulose fi lters 0,45 μm Carl Roth GmbH.
Method of analysis
The standard and the samples were injected into the system manually with a syringe "SGE analytical Science" 100 μl, in a fi nal volume of 20 μl. The mobile phase was composed of: A = acetonitrile:water (40:60) and B = acetonitrile:water (80:20). The applied gradient was for 20 min in a regime 0 min -100% phase A and 0% phase B, 10 min -50% phase A and 50% phase B, 20 min -0% phase A and 100% phase B. The used fl ow rate was 1 ml/min. The acidity of the water prior mixing with acetonitrile was adjusted to pH 4,5 by adding phosphoric acid, to avoid protonation or dissociation of dissolved analytes. The assay was conducted under the conditions of room temperature at a wavelength of 220 nm. The recovery of the metazachlor was determined at four concentration levels in three replicates from rape seed plants by analyzing fortifi ed samples. The average recovery for all concentrations was 92,75%. The achieved limit of quantifi cation (LOQ) was 0,8 μg/ml, the limit of detection (LOD) was 0,26 μg/ml, and the retention time of the pure substance was 8 min. Stock solution of the standard (metazachlor) at a concentration of 1 mg/ml was prepared by dissolving in acetonitrile and stored at 4 degrees. After appropriate dilution of this solution were prepared working concentrations: 2,5; 5; 10 and 20 μg/ml.
Plant extraction
Metazachlor was determined in aboveground biomass. For extraction ten grams of fresh plant material (leaves) were grinding with 30 ml pure methanol and placed in an ultrasonic bath for 15 min. After centrifugation the supernatant was subjected to solid phase extraction with columns RP-18. The elution was carried out with methanol. The fi nal volume of extraction approximately 5,5 ml was fi ltered through syringe fi lter and prepared for analysis with HPLC. Each variant was analyzed in four replications.
Calculations
The amount metazachlor was calculated according to a standard curve equation y = 62,053x + 17,604 with a factor of correlation R 2 = 0,9999. The calculations took into account the weight of sample and the volume of the extract. The results were expressed as μg metazachlor per g fresh weight.
Data analysis
The data were processed statistically with SPSS 13 (one-way ANOVA) to determine the signifi cance of the differences between the tested variants.
RESULTS AND DISCUSSION
During the two years study period (2011) (2012) (2013) ) the experimental fi elds with rape were heavily weeded from the group of annual weeds -ephemera and early spring. Because of higher temperatures during the autumn period the fi elds were weeded with species of the group of late spring species not typical for winter crops. Key representatives of these groups were Stellaria media L., Veronica spp., Solanun nigrum L., Portulaca oleracea L., Chenopodium album L., Amaranthus retrofl exus L., Alopecurus myosuroides L., Papaver rhoeas L., Fumaria offi cinalis L., Carsella bursa-pastoris L., and self-sown wheat.
The efficacy of the herbicide Butisan S for the first experimental year (2011) (2012) , applied to the soil or leaves on the 20th day after treatment was 98 % and 98,2 % respectively. However, the effi cacy of the herbicide for the second experimental year (2012-2013) was lower and ranged from 71% to 73% for the soil and leaf application respectively. The weaker effi ciency found in the second year was due to low soil moisture during September (2012) and the high density of self-sown wheat, which reached 41 pc. m -2 in the control. The herbicide effect was maintained until the 40th day after the both types of herbicide application.
The highest average yields were obtained with soil applications of Butisan S (yield 2683 kg/ha), followed by variants with foliar herbicide (yield 2582 kg/ha), the differences with the control (yield 1683 kg/ha) were statistically proven in both cases (Table 1) . The raised income due to the increased yield per unit area surpassed the additional investments for the herbicide treatment. This makes the use of this herbicide economically viable (Koprivlenski et al., 2015) .
The highest concentration of metazachlor was found in the variant 2 (soil application of the herbicide) 28 days after the treatment (average 14,6 μg/g FW) ( Table. 2). The amount of metazachlor decreased with almost 70% and reached 4,4 μg/g FW after 48 days of the treatment. At the end of the quarantine period, 68 days after application of the herbicide, the amount of metazachlor was decreased with almost 90% and reached only 1,23 μg/g FW. After foliar A possible explanation for the obtained high concentration of metazachlor in the rape leaves (soil application of the herbicide) could be due to the relatively high humidity in autumn during the fi rst experimental year (2011-2012) (Dimitrova et al. 2014) , which promotes its uptake from the rape plants. In the second experimental year (2012) (2013) , which was relatively dry in autumn (Dimitrova et al., 2014) no metazachlor residues were detected in any of the analyzed samples from both types of herbicide application. We could speculate that the fi nal yield (in terms of seeds) would be safe after passing the quarantine period (70 days after herbicide application). The amount of the active substance metazachlor decreased exponentially in soil (within 68 days) and leaf (for 48 days) treated variants with the following equation: у = 50,935е -1,237х with R 2 = 0,9997 for soil treatment and у = 18,924 е-1,4959х R 2 = 1 for leaf treatment respectively. This could be due to detoxifi cation of the active substance in the plant tissue and therefore its elimination or its relative dilution in plant tissues due to the signifi cant growth of rape plants. From the obtained results it can be concluded that the entry of metazachlor occurs mainly through the root system, because the amount of the detected substance was greater in the variants with soil treatment. In foliar treated plants (8 and 28 days after the application of the herbicide) residues metazachlor were comparatively low, which indicates that the substance permeates through the leaves to a lesser extent (possibly due to washout by rain, the presence of the wax layer, etc.). Further research is needed to establish the presence of metabolites of the active substance metazachlor, and their fate in plant tissues.
In terms of effi ciency of the herbicide our results were in agreement with those obtained by other authors in studies with metazachlor and oilseed rape (Rouchaud et al., 1992; Pacanoski, 2014; Vercampt et al., 2016 in press) . In terms of the yield, however, other authors reported higher yields in the leaf application of the herbicide compared to the soil application (Pacanoski, 2014) . The reported results (Pacanoski, 2014) were in disagreement with ours since we have obtained higher yields in soil application of herbicide. The difference could be explained by the different varieties of winter oilseed rape used in various experiments, and with various soil climatic conditions in which the experiments were conducted.
CONCLUSION
In our study during two consecutive years with contrasting climatic conditions, the use of Butisan S (soil and leaf application) led to signifi cant uptake of the active substance metazachlor in rape plants grown under heavy rainfall. During the dry experimental year no residues of metazachlor were detected in the analyzed samples. The herbicide effi cacy was greater in the more humid year compared to the dryer. The presence of metazachlor residues in rapeseed plants did not signifi cantly affect the seed yield, which could be due to relative insensitivity of the used hybrid to the herbicide. However, the yield in the soil application of the herbicide was higher than the yield in the leaf application of the herbicide. All the values are presented as mean ± SD. The data in the rows followed by the same letter (a, b, c) are not signifi cant for P<0.05
